The paper introduces a Riccati equation approach to synthesise of the full state observers and state feedback controllers for uncertain largescale systems. In this approach, if two given algebraic Riccati equations are solved, their solutions can be applied to synthesise the stabilising state feedback and observer gain matrices. The uncertainties considered in each subsystem may be time-varying and appear in the system matrices (matrix Ai), input connection matrices (matrix Bi), or/and output matrices (matrix Ci). However the values of those uncertainties are constrained to lie within some known admissable bounds. Furthermore, the so-called matching conditions are not needed in the paper. In recent years the stabilisation problem of an uncertain system has received great attention. Numerous researchers have used state feedback stabilising control to achieve this task C1-43. However, in practice, the states of the system may not be available. Luenberger, in 1966, first proposed the concept of the 'observer' and introduced the idea of a 'reduced-order observer' to estimate those states which are inaccessible for direct measurement. For a system of large dimensions, many researchers have devoted themselves to the investigation of observer design also [S, 6, 15-17]. However, those papers are only concerned with large-scale systems without uncertainties.
Introduction
In recent years the stabilisation problem of an uncertain system has received great attention. Numerous researchers have used state feedback stabilising control to achieve this task C1-43. However, in practice, the states of the system may not be available. Luenberger, in 1966, first proposed the concept of the 'observer' and introduced the idea of a 'reduced-order observer' to estimate those states which are inaccessible for direct measurement. For a system of large dimensions, many researchers have devoted themselves to the investigation of observer design also [S, 6, 15-17]. However, those papers are only concerned with large-scale systems without uncertainties.
In this paper, the Riccati equation approach of Petersen [7-91 is extended to an uncertain large-scale system. If the proposed two algebraic Riccati equations are solved, using their solutions the stabilising feedback controller and observer of each uncertain subsystem can be synthesised simultaneously so that the whole large-scale system is robustly stable.
System description and preliminary derivation
Let S be a large-scale system composed of N ( N > 1)
interconnected uncertain subsystems S i , i = 1, 2, . . . , N .
Each Si is described in the following:
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where jji(t) = yi -Fit), Fit) = Ci,jzit) and nit) E R"' is the observer state. M i is the unknown observer gain vector and will be found so as to ensure the estimated state 3it) -, xi(t) as t -, CO. From eqns. l a and 6, we have the error equation :
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where Zi(t) = xi(t) -nit) denotes the error state vector.
Applying an observed state feedback uit) = K i ni(t) i = 1, 2, . . . , N to eqns. 1 and 7, the closed-loop subsystem Sf with the both state and error equations is written as follows:
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Let the large-scale system consistin_g of N (N > 1) closedloop subsystems be denoted by S. Our objective is to design a full state observer (eqn. 6) and state feedback (eqn. 8) so that the given uncertain large-scale system is stabilised. For the derivation of the main results we need review some useful lemmas : Then the resulting closed-loop large-scale system s is guaranteed to be asymptotically stabilised by the observer eqn. 6 and state feedback eqn. 8 with the gain matrices (eqns. 15 and 14) respectively. The proof is given in Appendix 9. (b) When the system has only one subsystem (i.e. N = 1, without the interconnection matrix), the Riccati equations (eqns. 12 and 13) will be reduced to those in References 7 and 8. And the solving procedure will be greatly simplified.
(c) Since a system with large dimensions is considered, the effect of interconnection matrices is such that the derived algebraic Riccati equations (eqns. 12 and 13) are much more complicated than those of Reference 7, i.e. there are some extra terms in eqns. 12, 13 compared with eqns. 3.1, 3.2 of Reference 7. We doubt that the algorithm mentioned by Petersen [8, 91 can be used to solve our eqns. 12 and 13. The study of the algorithm to solve the Riccati equation is not the main task of this paper; we mainly propose a sufficient condition (theorem 1) under which the controller and observer can be synthesised. 3 Using the above computed control gains and observer gains, we plot the trajectories of the error states and observer states of the resulted closed-loop system in Figs. 1 and 2 with initial conditions xi(0) = 0.5 and ?LO) = 0, i = 1, 2, 3. The uncertainties in the simulation are given as sinusoidal sin ( t ) forms, e.g. a; = 0.15 sin (t).
Conclusions
In this paper, we have extended the technique of Reference 7 to the uncertain large-scale system. Similarly, two algebraic Riccati equations are required to be solved in our main results. If these Riccati equations possess positive-definite solutions, the observer and the feedback control gain can be synthesised by their solutions so that the whole uncertain large scale system is stabilised.
Whether the algebraic Riccati equations are solvable possibly depends on the magnitudes of uncertainties and norms of interconnection matrices and the number of subsystems. Hence determining the conditions of the solvability of the Riccati equations (eqns. 12, 13) and seeking an algorithm to solve them are two open problems for the future. Proof of theorem 1 : By the gain matrices eqns. 14 and 15, the state and error equations for the closed-loop uncertain large-scale system are as follows: 
